Microorganisms are widely used in industrial biotechnology as cell factories for the sustainable production of a wide range of compounds and chemicals. For example, virtually any protein from any origin can be efficiently produced using recombinant DNA technology, and bacteria and yeast are, in many instances, the preferred production hosts. Recombinant expression has been a fundamental discipline in molecular biology for decades; yet, we still do not understand some fundamental aspects of this science. Presumably, critical information is hidden in the coding sequences of the genes to be expressed, beyond the well-understood rules concerning rare codons and secondary structure formation at the messenger RNA level. Challenges in recombinant protein expression can occur at any level, including host toxicity, product insolubility and non-functionality, poor translation efficiency, and lack of necessary post-translational modification. Genetic tools and superior hosts have been developed, as well as better software for improved design of expression systems by considering all possible parameters including gene coding sequences, promoters, untranslated leaders regions, transcriptional terminators, mRNA stabilities, protein folding, and translational efficiencies. However, despite of all this progress, recombinant protein expression remains largely a matter of trial and error.
